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(54) NITRIDE PHOSPHOR AND LIGHT-EMITTING EQUIPMENT USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light-emitting 
equipment which emits white light of a slightly reddish 
warm color type with good luminous efficiency, and a 
phosphor which has an emission spectrum in the yellow to 
red region and is used in combination with a blue 
light-emitting device or the like. 
SOLUTION: The light-emitting equipment has a blue 
light-emitting device 10 and a nitride phosphor which . z , 

converts the wavelength in part of a first light-emitting . , 2 _ 
spectrum excited by the light-emitting device 10 to have a | x 
second light-emitting spectrum in the yellow to red region, 
is added with at least one of elements including Na, K, Rb, 
Mg, B, Al, Ga, Ti, Zr and the like, and is represented by the 
formula: LXMYN((2/3)X+(4/3)Y):Eu or 
LXMYOZN((2/3)X+(4/3)Y-(2/3)Z):Eu (wherein L is Ca or 
Sr; M is an essential element of Si; and N is nitrogen). 
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HO. EN L u ©7 u t»«V rz #±H5t*# ^i8tt*LZ '>«< V t 1 «J!l±t 

* t z . ) ?$7ftisit«js*i*?j)o7. »e*fc»»*#©«*i i ctt. « se l . 

MSEMG^tt < * 1 «».±® 1 0 0 0 P P m JUTS* * *17 I) Z C * t *l* * 

1 z§«$*tticii*z . ctiicj; 1 ;. mrnvnu tn 1 1 sibs&satftt a*t z c 

[0017] 

iso ie s «; % $ ft # 1* . JSjtSHai 5 ?*ur z c * u 11 . £5t§HSL + -?:i£j*? z 

CVICfcU. S£?ft7l)Z^;tDUfe5t*<9JKSx#ft3i?-ft. * * * S © A ± t B Z C V 
#?*Zam"?»>Z. 40 
[0018] 

* $ $ tt , R 9 4b (Rtt. Y. Lol. Ce. PI". Ni. Sim. Eu, Gel. Tt. 

d y . ho. en Lu07-*EutAa*rz#±s»*» , J»atiZ'>«<*ei« 

flt*t3. ) * . Li. No., K. . R t . CS. C u . A 9" . Au#H2Z55l2!ix 
« . B. A I . Gol, I n *M tt Z * I I I as* . T i . zr. H f . 8n. P t # >i 
5 3 55 I V 8t 5c ?S . V. NL Tol. P. St. Bi»^«ZS5Va5c*. C t . Mo. 
W. 8#?SJIVI»*1. Re#*«Z5?VI I »36* . Fe. Co, 1 f. Ni. 

pi. pt. ru#«j«z»vi 1 ia**#*Stt*iZ'>«<*fciajsi±®**#a 
*7ti7imta»*. ta3«a*z»i<Dia*. *ifl>iaj: , ;*'j*i?ffla»t 

^EU , tZ552<9lS>:. 552<Z>lS7*§i;tlZ>Ee!»*. L 0 S ft $ (Ltt. Mf , Col 50 
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. 8 r , B ol . Z n # H « 7 55 I I«Z*»iiJBB:ftI'>«<*fc1««.±**t3. ) 

V . M®Sfc»J£Z>M<3>*tttt(Mtt. C . Si. Ge©?t8 c t^i^t IS I V2S 

^ aiarft. j'>«<vei«jn±t*ri. ) 3>'>«<*fcurfttu-5*. t »e 

t 7 55 3 <9 I«* . BSQIfiJ'Jttiift 7 iSfc«3 1 )S X 5 B £ + 7- « 5* T I 58 4 <9 I S 

Y . t'>£<>:t*t7g<b%)®*#<i>&ft£»ClT7. CftC*V. $£©SillSft 

»s*#t«#ticv#?n. *fe, 1 x*ic £ 'J . mn©fg**t « t * 1 3 

[001 9 1 

Bu IE 55 2 <9 I & . AC. JBIB554QIS9 Li. No-, K . R fc . C 
S. C U . A?. Au#»>$755lftx*. B , Al . Go.. I n # >4 S 7 55 I I I » JC 10 
*. Ti. Hf. Sn. Ptam*7»IV»jt*. V. NL To., P, St. 

Bi#<4S75SV&x*. Ch MO, W, 8»>7«3*VIfiCx*. Re#«i«7»V 
I I ft 7t * . Fe. Co, I/", Ni, P <£ . P t . Ru#^«?lVI I ISX*<5'> 
45 < * fc 1 IJH1 <9 X*#S* 7 )IT I) 7 fflJfl , *P*?7 ffi II 7&Jfct ft ? C 

VDffttUll. Bttft&OiBS 7 ft 7C * tf7 3= 7 x* t *t 7 ffiJfi . *Ptttfflll7C* 
C £ M . 5!ft!|ttt©tE!S77^ICftl)^7<t7fe<y)7-ft7. 55 I ft x £ I* . ffl JI5 ^ *P *? 

© & ft b# ic & i&s is flJ * u Tffl i) y, ft I . *fe, 55iftx*t*. s«i"c»Bi;iii**? 

#J*x*<S>/j!mVig#U , ««*Itff?7UU. » I ftx*7 * t 2 fflffl, fftttffi 

nicvci'J. **»tt<5flitfiycv*f u. cc?. «fflic<£'j$s#i°]±T 20 

7, »Iftjfc*<?>ft. B, An, Go., I n#<9xltfS^tl7ll JffitS. *Ptt7J8ll7 

t» k i) . 

[ 0 0 2 0 1 

*%BBlC«7£tt?»$ft#l3:, ^<!)«ailSlC*ll7»ft»9*#®ia«V**l3C*. 
XI*. a*tt33C«tS*t?ftdWt*ttr2*. &J3i:<i>I&-?ag27x*#$iKU 

»S*ftsu»6tftJ. *i7. £&£j«?ft7gtt!t&$*#G>ffis* + n:i*. a £2 

9ftft©ttatSI«0fel>»ai*. iJHSUttHlltlOiCJ: 1 ;!]!?!?*!. 
[0021] 30 
*««tt . R ( R I* . Y. Lol. Ce, Ni. 8m. Eu, Gel. Ti, D V . H 

o. e r . Lu<pnEutftini*±is*»^s»ft?'>s<nii*its 

t 7 . ) V , L (Lit. M>. Col, Bol. Entf^SJII I«X*»<i)Bl*ft 

?'>S< U HftltStJ. ) * > M (Ml*. C. Si. Gefl)7t8 i t*«U 
7 * I Vftx**m38l*ft 3 '>* < V fc 1 SW.±t * T 7 . ) * . Li, No., JC. R fc 
. CS. CU. A>, AU#1¥?lIl*t. B. Al. Go-. I n # H S 7 55 I I I 
ftx*. Ti. EC Hf, Sn. Pfc#iiS755lVftx*. V. N fc . To, P. 8 
fc . Bi#>J«3»Vft**. Cr. MO. W. S#>42755VIftx*, R e #H 2 7 
» V I I ftx* . Fe. Co. I t . Ni. PoL. Pt. Ru#ms7»VI I I ftx* 

# >5 z '>« < * fc 1 «*±<!>5E* * ■ t '>« < v t * t i s <b?s>33fc#7ft -> 7 , 40 

[ 0 0 2 2 ] 

*%$[*. 5 0 0 nmftTCC-.?lSBff»?»1 <i)fE%^7 MI/tSTSfc**** 

'>S<*t£t7f!ft£Si7-fto7. fid 12 $ * # I* . 86 * Jl 1 75 I 8 £ 6M 2 O '> « < * 

3. Slb?S)$ftai* . 5 0 0 nmJKT©ffl*»»'J3a*0»»*W**Ct?- 

ft 7 95 1 <9«*Z^9KJltfc*3****»'i®*CJ:'7ttfi*ft7- EJ g 7 ft fe £ lb 50 
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<to $ * # tt . 5 2 0nm~7 8 onin0*#>Jft£*Micc-?»*#a3*2®**7 

Se^tt. J I 8S« CJ I 8 X811 0) C*J66*?I* tit<9&»±<92 7 0 
0~2 8 0 0 KOAt + «Hiei7Jn7, Sft 9 H #ft 96*t ^ I 7 U 7 fi*t 
UT.A#«Ctt.H6<5ft**icairit?. (7tll) KUt, ( * U > s / ) C - C 

[ 0 0 2 3 1 

* . * 96 W C J: . HfitfBf£oeHCS!J»rtLfeS*ftt«16tZC>£*?^?. tt 
tffltt JC^?H. CftCJi'J. *Sg<9Bil)5!5'6SSf'£:f£«1-3C*#-?? : 3. £ 

SU7U JiW. 5gftS$iS<3>£tfflt£*.rc. 5E*»ttt*ft* tt 3 * I . 

[ 0 0 2 4 ] 

J» S * * R I IS . nc. «lE»1©«3t7^9K^. JRZ#»te»2©**Z^i7h^9 

'>«<*e-s»tat**»u. i £ m «e # >; . a§ £ m «e . & £ ® $ . fte***-?c>« 

& £ « it ? « < . ^xr^*7-»<!)wra<5*3tet*t?fe 

*tlt tttttt 3 C 3 6 6"** ■> T . (H*fl>)fi. 

(tfr©) &»c«a»*3c*fc-?*3. 

[ 0 0 2 5 ] 

Ui. c*ic*V. mS0**et**3**Rlttttt*3C*tf-?* ! 3. flJ*,tt« * 
[ 0 0 2 6 ] 

±©*fl>aecj:y. fc6c**r3c*t*n»*r3a*jju 17511 3<5'>«<n 
i)rtL»-*cSE«©**Rit«*t3c^»f?* ! 3. a**Riu. «*<?$*<*<<> 

E^itSiSt3C>:iCJ: , >'. W.iK<!>£ie**tllt«ttT3C*ff-**3. mitt, * 

e*t *r 3 «***c j; •>» . *i»**t**u . $*## 

»]^ft*e*t96**3CVCJ;V,Sft»3*ft£#3**IHt*«;ttitT? : feSe 

* V . gft3&$*#0«ft*V. $*tt<i>?t£**#, *,0il£lcS*3lf3lC<i:^7, 
A@<5li:tt. &£VU7H*.3. 

[ 0 0 2 7 ] 

±£<£>L. M . N . 0. RVgS37C*IS. fl * . tt ft » . 30<IS?K8&ft!|»-?;to*.i;tt. 
I V . CftCRS?ftH<S>?B:«<. X * * , $ ft » . ^P. 75 H. £ U < IS © 

*®iiiR?eA<. * «mo«*ca*tiTu 3 e An. fiiESft©® 

*#©ffl«?tC«*flfa*?-*l7l)3. B$*IS, !!P(V5^IlHta#^A?ftU 
. «J* + CBlfctfilA U 1 < 3 C * X »> 3 . C<9fl£*IS. Eu£JK. Sftft. & & 
ttfl±$>»)*tftii*3**fc , >ll3. atac«ffirtl3-fl>fca*t.X*^ 

, sftto. BSft!m^$XTt[Bi«<9}93*^^'>ti3^, ^ui*ft*tffliife»e®«i* 

#£?=llJ§fceifc3. gft!fc>®*#tS. 8$ £ ! $lt?**3. 

[ 0 0 2 8 ] 
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*f§fl8lC«fc'). i*»<i)S*Ktt ff ICliS t 3 a tf? 9 s * . PDP,_CRT 

a?M^LCD<iiAy hHTfflll'ill?. U<9J;?SffljSlCB:. S® $ 

*»l*r*l ? . J£4». &J*x£lC. B. M* . Ch N i . A I ttV 

[ 0 0 2 9 1 

teift»9X#B. TWttfiff 2 . 5-1 5um?l)K^ftm]. HC. 3-8 

um?*)?c uu. a«»* 9= u y**» «»fin± u - *wviiii,»*tffii±t 

[ 0 0 3 0 ] 

SCfiJtZ. **»tttiy«U"5">. »88SilIIt*t?HbttS* 

flto7. *fSBflft. g ft g{b$»$*#<98&75£. IfttBUfc*** 

[ 0 0 3 1 ] 

JUT. *56WC«ia*#J5&' J t<?)Kft^*t . !»$>»«&»l«fl!tBl)Tllli«t3 
[ 0 0 3 2 ] 

**flflC*Z3e»Rttt. llOjgftZ^h^tatZBXl**. Hu IE 55 1 © 56 3t X 
tn*fl>**<^t-HtH***t. » 2<P**Z*< 9 I* *t It 3 . 

. BIB. **«C*7**RttStB?*J. 
[ 0 0 3 3 ] 
(**tH 1 ) 

**Ri1tt. * 7 7 4 7i« 1 <9±fiPIC*t§7 Hfe¥$#I 2 v: . a¥*ftszc»« 

. Bt7 7-f7iai ^|8¥«ft®2>;»^«^^t1.^56*« : 5-1 0<9?hJ§ta?<fc?IC 
') - F 7 1/ - i* 1 30L<9»v7'nctJkit«J*lfe9*#1 1 *I3-x<>78Ptt1 2 V . 5* 
$ ft # 1 1&Z#«y-K7U-^1 8«*Blti7t-*Fi8l 5 * . # H & Iff ? ft 
7 II I . 
[ 0 0 3 4 ] 

t77-(7»8l ±C¥*J#Jl£tf»*tft. S¥«ftS2<?)[51- 3 fffl« 1 JlCIIl<5mffi3 
*»Kt*lTl)7. HulB¥$#S2lCtt. f§ftS (B9U * tl) IS ^ ^ *L T 3t 'J . C<9 

**i#miia*ft*e-?a«tt. *jnm*e*«<i>5 o onmJHT3S«©**xt 
9 h k t * 1 1 . 

[ 0 0 3 5 ] 

C <?> 5§ ft * 3- 1 Oty-f*>y-C«vH. *y?#ft«f Ufe'J-F7l'-/»1 3 a. 
C7i^77v?l7ya>F ( « « ) t ? . * A * > P ft . >;-K7U-A1 3 t 7 

fcCil - J74'f-*>Fl'. Z€ffi3t£?-75© i ;-K7U-/*1 3 !> IC 7 4 Y - 
>FtI. 
[ 0 0 3 6 ] 

y 7-P3c$ft# 1 i&&D-T<>7a»»i ititAn. «*# i 1 * □ - ? < > rap 

81 2 Vtt. ?-4»firi?S>SJ£C«-IC]g£L7ft<. 
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C0037] 

$*# 1 1 £A« . * W€ -h K WW 1 6»aArtitf-*Ffi*9tcy-ni/- 

11 HI. 
[ 0 0 3 8 ] 
(ft*IS® 2 ) 

±ie<9ft*fiti * us i **m 2 c o u 7 ««src u 7§?i£ 1 1 . 071*. 

*ftfflC*3 ft*f$E 2 tJRtH?* I • **R!2tt. * H * » B 9 % * K 1 1 T 

I. ft*** 1 o *ft*»fi©»<t»¥»#****tflii»J::*fr?»*. 

. ft*** 1 0 11*. lfi*»Kfl)«ft»******^fclU?C^t"?f 3. C C "? 
I*. ^?h*E?iS95S***1 0 1 tflCV^7. ft* * 3 . ft*** 1 0 1 H7LED 
f y ?1 0 11*. 5!*iVU7C-!7i5«»a3 7 Onm<i) I nGaN*f*t*t ?f 
<b«>¥«#ft***tflll)Z. «fc';JH*tt«LED<!>***tt*U7*77 OSflC 
, 7 > (; -?<5Ht%f9ft?JiInSGaNi, 8 i P-?9n8lll»»Kr*inl! 
D>?nlV5ZGoiNl. 7>F-?9iit»?l*?»iinfiGa.Nl. S lb ¥ 
ltt?UnSAlGixNS, ac«*it*)St? inGoLNS^S-l^JfPmilV 
U 7 J) I . **ilCttM»»F-??HJtP!!?5vl ! iH7AIGa.Nl, Mftfi 

h--7-rti^PS!D>'$'7i-S7i?) ? golNS t«»ai 7 ttfc«s? htm. ( « ft 

, t7 7-f7iaiCttftl?G0LNit»ffi?ttAv7?lUtt7»J. PS 
¥ $ ft t* . JKK«40 0tW.±?.7Z-^rit7iP)?. ) . Ivf 77Ci l )t770 

ata±©s<bW¥«*cH-nw?. pn*:j>*9i-s*iiitBfli7ttz. sai7ft*. 
serine. «j a? a*ft p *«»wsKr ft. 7 «i iuie*& p mffi© ± ci* n 

[ 0 0 3 ?] 

»c. i=*a3icua5*bfi-3fluieH8Pc?)i^« | jicD7^-^Si<9U-Kmffii o 2tfas»!t 

«CjfAHtrftfe^-X»V#i5S3DA-Al!Ay^-yi 0 5 t B II Z . » IE A v 
ir - V 1 0 5 J5 J> y - H *tt 1 0 2<?>*IIlCI*Ni,/Afrfff8&i7>>ft7l>3. A y *7 - 
Y\ 0 5 tD fiP tC . AJ-8n^4i:7lI<5LEDf y?1 0 1 t *" << * > F tZ . 
? C««ft 3 C ^ IC cfc V . ft*R® <9«0?8Pttt^7»^?» * t 3 C)f»7? . L 

7tia«iic-is«tt<<)S l i)ft*Ri» f » i ifti. 

[ 0 0 4 0 ] 

B! C . f -f*>K TtlfeLEDf y?1 0 1 ^*iau. AyJr-yiatfSniiMBffl* 
ftfeft 'J - K *tt 1 02ni*lY1lAHU1 04C7tSte?atlI. A y 7- 
*v-t9iajpn<!>*»t-|-frCl*IRUfc1*. c t 3 ^SPIC* , 7 1 0 7 t*t 

v F 1 06lC7SI±U-V-^SStffT. tr ? Z « ff C tt . Ji>;2»b4D:i-DnD-7 
?0wtXH-7*57l Owt%#^n7y-C)§l7B#ilorfttCa2 s 
i 5 N 8 :Eu. (Yo . 8 GoL 0 . 2 ) 3 AIb0 12 : Ce#<5S*ff 1 0 8 tSS 
7 tt . iJvF 1 06«l*ft*»1 07«tlCl*U. 2 2 0 tC7 8 0 *ISilD»Ht 
7ttJC*C*Ve**Sttt*J«L7»>Z. C7U7BJ£7ftfcft*£Etft*7ttZ 
*&e#i§.«gCft*^«S2ft*?^tf-f ; 'i:t2;:>:#7;? : 3. CfttC*T>7esiBg 

»«sy)7fifiS7iie. ^^ttc«ftfeft*^is * t z c n ? z . «.t. *ftHfl<<>£m 
arc -s ii7if J$ 1 1 . 

[ 0 0 4 1 ] 

IU. *ftBfllC«3ft*Stl<<>&J*8PttlCTll7l*&T z . 
[ 0 0 4 2 ] 
($**) 

$55iCS?l*lttt. -^jCL X M Y N( (2/3) X + ( 4 / 3 ) Y) ; RSU<I* 
L X My Oz N ( (2/3) X + (4/3) Y - (2/3) z) : R (LI*. M 7 . Co. 
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. 8 r . Bol. Zn £ 7 35 I I 2Sx* # >5 SIS a ^'>S < U 1 ilUtttl. M 
I* , C . 8 L . Ge<!>7t8 i tftSU?« I V«**» l Ja»ft?'>S<UliA 
lt*tJ. Rtt . Y . L ol . Ce . P J" . NcL. 8m, E U . Got, T t , D / . Ho 
. E lr . Lu97i?EutJi&fcVt7#±a**»*»i*ti7'>«<V*l«J»>±t*t 

2. ) -?&?tl7g«$ft#-?ft^7. J»8B»tt»S*frtt. « SB L 89 IE M . M E 0 
. MIEN. »iER*A*75t* ( JJl T . rssUU VII?. ) #3***17 l» 3 
CH»«UJ!fc»9*#fftI. X. Y&E*Xtt. 0 <fc ') X * UffS<9 
ftffl-Jft 7 . »C. XJi^Ytt. X=2. Y = 5 XI* . X = 1 . Y = 7-?ft7U*#»S 
U I) . AfrttCtt . (8hC0L,. T ) 2 8i 5 N, : E U . Sr^isNs : Eu 
. C a. 2 S i 5 N 8 ■ E u . 8 )" T Cai - T 8 i 7 N , 0 : E U . 8r8i 7 N 10 : 
Eu. ColS i , N , o : Eu»?*?<lJSfc»S*ftt*It?SViH}Hll. C 
<?S1b»9*#tt. I5IEL. Bu IE M . BulEO. fiu IE N . J£ilER}:£S77C*ffS*?tl7 
1) I. 7 Li. No.. K. Rfc. CS, Cu. Af , AuJ^SillS 
x*. B. A I . Got, I n # £ 7 38 I I IJStc*. T i . Zr. Hf. 8 n P i # 
tJ«3*IVfiijt*. P. St. Bi»>i*7*V;K5c*. S#i4S7S5VI&X*. V 

. Nfc. Ta.#'j«?»vais*, c r . mo. w#>j«?»vi«3c*. Re#^sj 

55 V I IStc*. Fe. Co. I)". Ni. P <i . Pt. Ru#i>2755VI I I 

#nisi*ti7'>s < n 1 8y.±<?>x*7»ft7. cti^ssz i x K 2 a w. ± # 

£?tlSll», -!6SLx My N ( (2/3) x + (4/3) y) : R2b<l*L x M Y 

0 Z N((2/ 3 )X + (4/3 )Y-(2/3)Z) ^ R IC *l b 7 . lOOOPPffi* 

T?»iKV»»nu. RfEHcr 7 c v tc <fc «; . * ti 7 » * 7-ft 

3 . sic. o. i~5ooppm<9ei?JiJcv»»nii. laeaci^cvicj:'; 

. SCt»5%*5a3*t#7C V # ? * 7 # H 7 ft 7 . It ft I « C ft I » 7 . & 2 7 X £ Q> 
*JJDlt0. 1~500PPm<i>icBlcr7£4». H ft I S C ft it 7 tttf I S C ft I) 7 tt 
. I8g27x*o;±HS£b<f*-ffi#3RiSx*7*§ft£ft7*LAft. «»C»JDt7it1 0 
0 0 0 p pmftl?t§WU^iffit)iJift^^?H»etJiltf, 1 000P 

73=7#^7-ft7. ^flU. *56BBtt. C ®«»«*149«»flClt^ tl * I). 
[ 0 0 4 3 ] 

LIS:. M » . Col. 8r, Bol. En97 V>« < )! t 1lJHi#« S3 . 8 1" 

*Ca.*<S>fift»tt. FffMCJ; , JlE^Jtt$^7CV^-??7. C C 7 . S t 9 K > f U 

<«, ca.©*©* * * y . s r vcolv t«dufe«». j; y *a*«ce- 9»«* 

=/ 7 h t 7 . 8r^Ca.®t*Jt#. 7 : 3 2 U < I* 3 : 7 <9 * ? . C <x . 8("<i)frtffl 

;U Jtflf , 15 IS 5 : 5 <Z> * * . ft£Stt<IBK:C-9ttStfV7htZ. 
C 0 0 4 4 ] 

Mtt. C. St. Ge<i)jt8 i ti&iU3»I VSS*»^Stttl?'i>2<n II 

jnit*t?. c <?> ? . » <t use csitfflu^c^cji'JisJie^Afttt 
SfcfcaitfttttttfZc**-?*!. 8 it? 6IiXfflll7. Ge t 5 tlx 

[ 0 0 4 5 1 

Rtt. Y. Lol. Ce. Pi". Not. 8m. Eu. Gel. Tt. D X . Ho. E J* . Lu 
<9?irEut*fi**3*±S5c*» | i*ttft3 liJUltttJ. C tie J: 

'J. 8ft!ft<l3:C'f8tl*.S<b?8$##t*g#* 7 C 7 . *TOX»fltt. **t* 

;H»-*fltt»o. *5§Bfl0$*#tt. »»Ci)7^^ i ;±StS^S<b7-'f*IC?itU7. 
Eu 2 + ?«iSflJ*b7Eu7. Eu 2 + l*.iHb?tl^*<. 3ffli©EU2O 3 0Ja5E 
-?JpE7tl7l)3. U # U . ^i<i)Eui 2 0 3 0<9S#ffX3=<. 
» «i tlC < II . t <Pfe*D. Eu e O 3 # «J O t . ftft-\B&£L-;fe.fc<!>t««1"7CV#ft 
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C . E u V «> <i> IB )S 8<J . I^UCe, NoL»ttt*«rttlC)JCa:V. e P f $ft * 3 
?! ft JEfi $ <?> IB !l t J C * #7* * 1 • 

[ 0 0 4 6 1 

» E L . Si IE M . IB IB 0 . ffil IE N . IlylERV«$T7C*t£;tOU;fcJ#fc<5$fi*t*. ± » 1/ 
7 C, Eu 2 + <D£IR?ffl}ftU, fiSB. fgfttflS. »*»<&*ft»tt<?>fil±tffl3C 
V tf 7 3 s 3 . £ , tttIt*v=<SJ*ib7. »S<9lo]±tB3C>:#7? : 3. C 
f . Niftt, »ftt»<Ufc'JTZ. Jfift+ICSfcTttSfl. X 

* r H 7 l) 7 £ 3 ft) £ All * Jt^7 '>i u ftftt b T U * II »a t » 3 . CtT.1*. *flfl 
[ 0 0 4 7 ] 

*3!BBic«3$ft#1 11*. ****10C«fc->7**r*lfe**#>i*e*«©*<5- 

wt «ru inn v> to et«<!)*t5!*t 3 . c<?$ft#i 1 t ±se ^saj t * * 2 £ft 
^ticeifflUT. * * * * 1 occt'jfeftrtifeseft*. $*#<i>#eft*#iieic<fc 

[ 0 0 4 8 ] 

!ft C $ ft # 1 ICR, ±J£fl>»ft&Sft#©ffiC flilE*1©fg*Z'S!7MU, Z> «0 15 
552<<>?!ftX^? '> S < *fc-»t»**«U. I6fffl#^ 3§ & M . 20 

« . fte***-*ic'>«< * e 1 juiQC-^ttatfazss©*****? i- ;u t * t ? 

[ 0 0 4 9 ] 

• 7*^z^A«ft***#. '> * < xecy>^?m»r<i*^v i- y a • ar k 

• 7)^:O^Sft»S*ft. £ '> S < VfctfyOA7*BUS7*lfc>f'y h 'J 1 ) 
U ■ J'J H • 7;i>3=Z'5Z*Blft?2B$*ft<i> / >£< Hllfft* 1 iUtf§*rtL7tlI 
C^BfUU. tftffiCtJ. L n 3 M 5 0 12 = R (Lntt. Y, Gel . L o,# ^^lil3: 
il3'>$<>:e1J■!<±7♦£>2. Ml*. A I . Ca.©'>ss<>£tiim#-^tse'. R R 
. ^r/f^MK*"?**. ) . ( Y i _ x Gol x ) 3 (Al , - y G<x y ) 5 0 , e : R 30 
( R tt . C e . Ti. Pr. 8m. E u . Dy, Ho#»J»i*li.Z'>«<*fclw±?*> 
3. 0<R<0. 5 ) tfiffltlC^7U. t*$ft*l*. 

o 3S » * ffll . 270~500nm<i)lt5«;<i>atlCJ; , )f6»E7tL. 5 0 0 ~6 0 OrnnCC 

ffl u . »iB*8<9f!*7 / x?i>^t*tis*#tt. ± se <& at *# c 

[ 0 0 5 0 ] 

tf'J'5ZA78iS?ft£<fy h VOL • 7 * $ Z 0 U B$ ft 
% $ ft ft g « . 56 ft * 3- 1 0C*' , JB*7-tlfc*e*®-SJt*'Rl"7fte**<&ftt* 

* r 7 . :c?. * * * * i oc*';***tifc*eft*, ^vMJ^'7U:n 40 
&ft$i$ft#<<>seft*#iieicj: , ji£]i>&ec5!ft*2. c ^ ^ v mj n 

■ 7^$z i >Z*Bft»3l*#^ffliBSft»9i*#^ta*ttt*t33-T< > V 

-sicii&u£3ft#i 1 v. * ft * * i oc^'jfgftrfifeseftvTfta^afcttiu 
A^fc-tatzfieaftRttattr*::**?**. c©*e^©&e5gftRitt. f- 

«5HeS^iiaRa»f7 5711? 5?&')&SStf2 0 0 07518 0 0 0 K 7 ft S . » C » 

^ & efgft^iT-i?) ^ . ffli. HrH<&eaB/&c s F«3Keffflift®9BftRi'S«tt*?fc 
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SC«I«3t#t-fvMJn •7^SZ0Z*BSft%l$*#<f'IC3*t3C*IC* l J. It 

waesmftR ? 1 6 o 751 7 o *-*aii> * c * * z . - - ? • ^^aesrffiSR 9 
<9¥«?tt«u. 7 e« v u 7a . jt«ta8K®ftu ft. a. ». *. a^aii ( 

6A) . *OSi<3«*. (B*A) t«*t Z e<P«f*»ftTll I . ^tlTftflC 

. R 7 , Ri 0 . R1 1 . R1 2 . R1 3> R 1 4 . R1 5 * 03> a 3 . C <9 ? . R 9 

a . *tt^te*"?J)i. 

[ 0 0 5 1 ) 

z-5/*BHb«5®**#ici!R£rtiit<?)-fa*<. ta$*#*io]«t<9§fc)t£*3«em 
* t 2 $ ft # t . 3u!Egft^$ft#>:ia*6fc>t±?«ffl*2-*#'?3 : 3- c ft c * V . 

*0«e©Mcj:*fie*^it it ****** 

7ffill'ift3**fttt. 86^f§*Si»8>-AI 2 0 4 : E u . Y 2 Si0 5 : Ce. 
Tt, MHI , , 0, , :Ce. Tt. 8 1"? Al i 2 0 2 5 : Eu, ( M » . Co.. 
8 f . Boi5)?t'>5< nHU) Goi 2 8, ^ Eu, f£*fgft!*ftSr B < P 0 
, ) s C I : Eu. (SKo-Bo.) 5 (PO*)|CI=EU. (B(^C(X) 5 (PO 
4 ) 3 C I : Eu, ( M » . C ol . Sr. Ba<5?i;'>«< Vt HU) 2 B 5 0 , C I 
: eu. Mn, ( M $ . Col. Sr Bo.<9?t'>5<Vt1^±) ( P 0 4 ) e C I 2 
: Eu. Mn. #e^fg3tm*^Y 2 0 2 S:Eu. L 0- 2 0 2 S : E U . Y 2 0 3 ; E 
u . Got 2 0 2 8 = EuSVtH^tJnCJ: 1 ;. wa®56*X^9J-^t»3C>£ 

fflu. le, le. #e¥ofg*9t*#a. ±§es>$*#ici!R5&?ftf . a* 

[ 0 0 5 2 ] 
(Bft#0KftaS> 

»C, B2tlU7. **BHC*3»*ft. Bt§*tKa 2 8 i B N 8 = Eu^Sffi 
££tSiBflt2#. *££fi&ICl>I£?ftSl). ±lE$*#lca. Li. No.. K. B# 
£C#0 tfSt? ftTU 1 . 
[ 0 0 5 3 ] 

«*0Ca.t»»t-* (pi) . ifi^coitt. »#t*iitzcv*#nu*. < ss 

No-. K . B. AI«YtS*tU9?tJ:U. Jiff a. *»Utt<5»»tl»U. C 

ftc*«;. 8Siit»?U5iifeiJ). ^atft^sititttfiffift?? 1 . Sflsssft® 

» * U I) * . CftCPRStftSU. 
[ 0 0 5 4 ] 

fli«®C0Lt. S«5iSt?Htt3 (P2) . ?9&Ev5$t. ft 1 CXTvt. 
[ 0 0 5 5 ] 
[ft 1 ] 

3Col + N 2 1 Co- 3 N 2 

C a. t . S * £ B S t 3 . 8 0 0 ~?00C, » 5 * IB . SftU. Ca.<5Sfttttil? C 
CciQgft^a. B«t0t<!)tf»nil. 

[ 0 0 5 6 ] 

ca©sftisit»»rz (P3). coL<i)Ht%t, 7;nr>^Ha c p. £ u < a . s * 
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SHftf. 7 □ - TUs v 7 X t ff ? . 

[0057] 

IBUS tt»i9t^ (P4) . J»iPK5 8 it*. Itttftlt ? r ^#fi$ U S lb 

^ ^ -& , >f $ Mb ft 85 . 7^h'ftft»«Vt*ltKVt?f Z. Witt. 8 i j N 
4 . Si (NHi ) e . 8 i5V?li2. S!«<i)8 i(i)«II3:, 3NJH±<Pfc0# 

ft £ b ll # . Li. N ol , K. . B . A I . Cu«V<i>gSZx*#S*i7ft7ll7£.i:l) 
. Sit. «!W<&Ca.*|BHIC , 7)^>5l»t. Il (tt, f - 7 □ - 7" 

/Ky7Zfl-?»#t*7?. Siftftto^fWfflfltt. » 0 . lumlk±l5umJKT9l! 

I) . 

[ 0 0 5 8 ] 

Ilf98 it. S*»Hft + ?S<fctI (P 6) . C?)S«at, ft 2 C * ? . 
[ 0 0 5 ?] 

Mb 2 ] 

3Si + 2N 2 T 8 i j N, 

iM * 8 i £ . g g B S f . 8 0 0 ~ 1 2 0 0 t . » 6 * IIL £ ft U 7 . 3 ft ^ 4 * t 
#3. *%Bfl-?^ffl t J Sft^ <f KB , iS*6S9 t <D»f» * U I) . 
[ 0 0 6 0 ] 

H«C, 8 iOSIt«5t»»tZ (P6) . 
[ 0 0 6 1 ] 

55? IC, Eu<i>ftfttoEU2 0 3 IC. B 9 ft ft to H 3 B0 3 t » £ « ft * 3 (P7) . E U 

C©B». l$!ft9Eutt. UFltei, 75 Mbfttot Ell 3 

c * 3 . ftftiODO^s;. s,tts©e<9^»*bi). B<9ftftto^3>ga3x 
*taaidtz». tt38et?cH?n. cji^iifttoii, • ft * *i * t u e 

© & 3 £ 4» . Al'SiS'P. X tt . f *5ISt. 7 0- 7 , 7lCy7XW-?. i6 ft t ? 

a 

[ 0 0 6 2 ] 

rttffi. Jtptt^Jfcx*. « U < ttflEWf ^»3E5c*tfiiAbfe»ft9««t» 
Oil*. fltt. *P» <?>»«<?>»«. ittftB. % \j < ttKftto X N*. S U < tttilJRl© 



7b * <9 tt ft ft t * r I 




U 


7 


I) 3 . 




[ 0 0 6 3 ] 












B <9ftft » H s BOj 


t BIIC 




-> 


7. gftto$x#<i>8<£;5)£ts5i?8?-3#. BR*<5* 


5 3 % % C 13: . Li. 


Nol. 


K 




#f * . C 


tlii©ftftto,0J/bl#. Hj MOO, , Li 


0 H • H z 0 . Nol 2 


C 0 3 






2 C 0 3 > 


R 0 C 1 . CSCI. M » ( N 0 3 ) 2 . C 


clC 1 z ■ 6 H z 0 . 


S J" C 


1 


2 


• 6 H 2 0 


, BolCI 2 • 2 H 2 0 . TiOSO, ■ H 


e o . z r o ( n o 3 


) z - 


H 


f 


C 1 4 . v 


CI3. Nt 2 o 5 . tolCI 5 > cr (N 


03)3 • 9 H 2 0 . 


H 2 W 


0 


4 


.ReCI 


B . FeCI j • 3H 2 0. RUCI3 - 2 


H 2 0 . CO ( N 0 3 


) 3 • 


6 


H 


2 0 . N i 


C 1 e • H 2 0 . I t C 1 3 > P d,C 1 2 . 


H 2 P t C 1 e • 6 H 


2 0. 


C 


u 


( C H 3 C 


00) 2 • H 2 0. AJNOj . HAaC 1 


4 • 4 H 2 0 . Z n ( 


N 0 3 


) 


z 


• 6 H 2 0 


. H 3 B 0 3 > A 1 (N0 3 ) 1 • ?Hi 0 


, GaC 1 3 ■ InC 


1 3 . 


G 


e 


0 2 . 8 n 


(CHjCOO) Pt (NOj) 2 , ( 


N H 4 ) 2 H P 0 4 - 


S b 2 


0 


3 


, B i (N 


03)3 • 5 H 2 0 . (NH, ) ; 80,§ 




O « I* 


ft 




ft ft to t C 


CL^Sftto. 8 i <?> S ft to . E u © ft ft to ^ 


y m C%tD U 7 I) 3 


. C<X 




1 


ftto. 8 i 


QSftto, Eu^ftftto^QJ^^ffl^tlC. 


us 3 x£#s£ r ti 


7117 


6 


<£ 


I) . 




[ 0 0 6 4] 












Eu<iHbft$»EU2 0 


3 * • 


B 


<i>ft ft to H 3 


Bo 3 VQiifttot. bi ft^Hft t^^sjrt 


3 ( P 8 ) . 
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[ 0 0 6 5 ] 

EuVB®»fc»t»»*I ( P 9 ) . »»tt4>Eu*B<3>«a»$>T«attl*. 80. 
1 u m # ^ 1 5um?Jii:«fiHu. 
[ 0 0 6 6 1 

±lB»»te-9*«. C a. 0 S <t HP , 8 i 9 S ft » . Eu^B^iiSSiltiiftr^ (PI 

0 ) . 

C 0 0 6 7 ] 

C a. 9 S ft » . S L <9 2 ft ® - EuVB<i)S^ttt7>t:7iia [ t 1 ?- * fiK t 7 ( P 

1 1) . *«?C* V . Btf^JO^ftfcCoLz 8 i 5 N 8 : Eu?£?ft3$*#t*#3;: 
V # 7 3 (PI 2) . ftSCJTvt. 

[ 0 0 6 8 ] 
[ft 3 ] 

1. 985 5 0. 015 
3 Ca 3 N 2 + ~ 3" Si 3 N 4 + 2 Eu 2° 



* ^ 3 1.985 ^ U 0. 015 Si 5 N ? gg0 O 0 0 225 

[ 0 0 6 ?] 
[ 0 0 7 0 ] 

JtflEtt. /IvHJIP. &®i£*P. ^H>PS)ft*lti:^?f ?. MffilKK 

, 1 200#i5 2 0 0 0 C<!)ll?»lStfi7:^?n», 1 4 0 0 » >4 1 8 0 0 t 
(5Jlffiai#»tlH. *JStt , *MC&3&tffl)1 Z 0 0 » * 1 5 0 0 tT-IxBt fH&J* 
t fi ? t ?C V#»$UUtf. 800»^1 000t"?-Sliii©«5K 

tffu. «m c io » u -z 1 2 o o # >* 1 5oot:-?-s^i©*rotff?-siifeSi , (# 
SMttffi) t«fflt7C>:e??I. »*# 1 1 ® «*tt . Sft* ^ * CBN) H <9 Ifl 
a, af_ j. t m l) 7&Jfft « ? c * u u . 1ft *^*»8<?>*B«<9«!!ic. 7ilS? 

(ai z Oj ) afi9*«tgir^n?H. c *i * b , a i s«. mo^u, 

~t & 7 . 
[ 0 0 7 1 ] 

»5c*H»B:. S*. 7>HT>. "BSft^*- 7 > t Z 7 <5 '> 

[ 0 0 7 2 ] 
( ^ ft US ^ ) 

*tJ*l#***»JC»nu. c©«fc7«¥*#*ft**<S>a*VU-7. BN. 8 i 
C. ZnSe^GoLN. InGoiN, I n A I G o. N . A I GclN. BA I GclN, B 1 
nA I G(xN«yi'!<5¥ ! 5fttf ^K^tf?? 3. HttC. ca^X«C^»»X 
*H78 i^Zn«Vt§S?ttf*t«n3:U?f J. «*#t »*A < m& 
-??=7^?hmi!S#H°I«*®SiaSt53)^J:<fe*°I^«%*SQtt^>;U7niC.Sft 
(0)*.!*. Al^GOLtSt'SftW^^ft. In^GdtSt'Sit»l9ttH 
7 I n x A I y Go., - x - y N. 0 <X< 1 . 0 <Y< 1 . X + Y£1)tf*<;»»C 
* IT H ft 1 . 
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C 0 0 7 3 1 

* fe. *|#0MH7tt- M I S 8ft . P lN«**Pn»68Yt*t2*?IUl 
. \f OfcJtft 1 HBy7)Kf □ t <D*»«C*ir H ft I . ^fftl^flifl^^ 

[ 0 0 7 4 ] 

Sft»**#t«fflUfc»6. *^ffl*SCttt7^7, XCU. SiC. Si. 
ZnO. GolAS. Ga.N*©»ltt#»JtCfflU «J *l 3 . tt ft ft 9 JU) X ft * ¥V ft t ! 
IttJ;<»«?tt? jfelftCttf 7 7^7JttttflflltKV»ft*UI. :9t77^7 10 
S«lCHVPEa<>MOCVDS5Vtlll7llttt¥«#tlP!i7tt]:^?H 
. ^77^7lSli:GciN, A IN. Ga.AIN*©fia?fle*rit^SISa>£«IA 
v7?ltB5!fH<i)J:CPnSettt Jtfttt¥H$tiK7ttJ. 
[ 0 0 7 5 1 

■7. Av 7 7iJbC. ^7 7^78^(5^ U7 7IVK11CS i 0 2 t7F7-f?ttC 
»«f r ? . Xh7^7-±ICHVPE)Stffll)7GOLNtELOG (EP itdXiotl 
Lateral Over Grows G a N ) $£ 5 ? ft 1 . JS6 1) 7 . M 0 C V D £ c 

«fe •) , niiit* y -7 ^ ? »a u & s 1 ^ □> 9 9 h I . nisit7^§m - j'jo 

/,?l)Srtt^»1 <957v KS, UtO'/H'JJRl^'J^^^JtFl)! 20 

5S ft 5 t 'J v '/ X h 7 A 7- Ptt V U >T F 1 ? fcfc V » C « ffi 38 M 1 1 sft it * £ Hi C *'J ffl 
[ 0 0 7 6 ] 

*VJffS$>nfi* ft 7tfSK?tt?»fttt. n!F-A>FU78 i, Ge. S 

e. Te, CltJISiAtK^fittu. -7j , PSHtl»¥ffttilS?ttU 
ft . PSF-A>F?ft3Zn, M » . Be. Col. S r . Bo.lt h' -77tt^ ): 30 

* » * b I) . £ ft 339 ¥ $ # « . PEK-A>htK-7-Ufe*it-?ttPBftl/C<l)fett 
Pl!K-;Oh«A^IC.^CJ:I^^^7-77;T0BSillCJ: l ;'(&m*jtftrttlC , i:^ft 
SUU. t77^7S«t^5U»ftl3;. »1 (93^7 H<5^I*?PSi#U 
>f>7?tt&Z)>-?7hfitBW?ft2. ^□>'?7f-S±C i ttLYtL«ffir^ft. ¥ 

[ 0 0 7 7 ] 

SSftlSi IC ft I) 7 . ijttt* <»«ritZ^«)Ctt»*tt»Jtff»t? l JfflUT»JSrttI 
CV*»*Ull. »C. 1 1 tl6U7SitJC^feiD, jg*ft9«JIS#»£U 

I). c©*fta*#2A>J07?*»*Va*ttlllB<9*ft»t**UT. Tfftfc^tt^ftJS 40 
lUfg7t7*<7MU?*IU. ^®£**KBtt86OnmJ».±42OninJi»."F®fc<0«». 4 
50nmJK±47 0 nmftT<5t®eflffln:i»?n. 
[ 0 0 7 8 ] 

*J|#****fl:. **&^ss 1 o 1 7 ~ 1 o 2 0 / cm 3 ?r^?azniz 

>?7h§<i>V-M&«IV. a*ftP«ffi® s y-Ffi«tV». RP>Rn<5l«KU 
?Cif ?117»1C V#»*Ull. nSz)>*?HB:. 0J 2. I* ffi I? 3 ~ 1 Oum. J: 
'J » * b < I* 4 ~ 6 U m C »SK * ft 3 * » * U < . tOV-hfitltttl 0 ~ 1 5 Q / □ V 
SSiU?:^^ C<i)U?<!)RPtt«EV-H6afiJlll©5/-HS«ft*t? 
J;7C»lC»#*ZY*U. jgftttP^ffil*. KJ?flU 5 0umJHTfl)JII?» 

B??ft7l)7fcJ:l). Pf4i»:£g^^9 I TO. ZnOI«ltKKff?n 50 
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[ 0 0 7 9 1 

* fe , s * ft p ^ a # , sft^&fes&xfcoSffl^iSiRttife 1 a* - *«<Hii 

I*iR«»«fiill<P?. gttftp.BffilCStttZSXttfea&SaQlK'i^llSySifi 
ft flf * < * J . tt*<9¥»#«***l*V-htt«t<&H*#RP£Rn-?*>-3fe»>. * « 
l?BRP^Rn?ih2'!)?> »*ttP«IItttt*<&e<l>*Jt«U7»ttC»fli:7tlZC 10 

[ 0 0 8 0 ] 

nfi/DV. l*ttPlI(5V-HfiHtRPfi/DV». RP^Rn©^«tBJTUTl)Z 
n>ftHll. ¥»jt*** : 5-Vt7»J«Ufe*CRnt«lftr7®l3:lll/<. RP V 

[ 0 0 8 1 ] 

S*ePlfiVnS:>n H);#RP5Rn(i)li?*n?, JRleiiftftP^ffi± 20 

c«i7»Jfi»»t*t? p«y-fr4*at«ktt?v. 7^9i%fiPi^»3*<i)^±tEi 

[ 0 0 8 2 ] 
(3S**} ) 

e*ED®0)fl*?!?^ 1 0 ft . I IIIHtmtftl***^>iC)!»»*Ul.* 30 
* * ^ 1 0 1*. «tfft7 7 0l«1 lCGa.NAy7 7lt^l7, S I » 7 > K - 
7 9nIGa.Nl, 3 i # h' - ?7tl^n SGoiN# ^ftl nSD > 57 H, 7 > K - 
7-GaNS. #113-#P&J&<??£*;S (GdNSSi / I n GaNtplQl^ P« 
lit) , M^P-7 7tl*.PIGa.N#^i PIGolN»^«^ P 77v t-"i, M?tf 
P-77ftfePfiGa.N#H«7 pi:>n hS#|i[l>*ft£7*lfe«S;lt}tt*U. «. 

TOJTcBttffJBsKtiwu*. <au. c©«^>:^ei5S**^i ot*i?n. 

[ 0 0 8 3 ] 

Pl-Sy7iatt, P SD> 9 7 h ff ± <?> 15 If £ 1IC ff* iff 7 , t<i)P J-§y5ili 
1(5-»CP Av FH8#»fl!?llJ. 

[ 0 0 8 4 ] 40 
*fe. nStttt. lyf^yCt'iPSD^MH*^?)/! 1 -7-Ga.NStlSttL7 

n n □ > ? ? n®-wtBW7tt. ^oBflir*ifeai»c«fle7*i7. 

[ 0 0 8 5 ] 

* X ft <5 F* 5S 7- « . * il^- »FIHt©3B*H t H life*. *fSBfl|*. CtlcRS 
7tt3e<«>7ttS<. «l Jtor. InGcLNtJpJfflUfc*-!*ffp*lftVU7eAiiU. 
Si, Znl<i)nS, PS*H»#K-7'71lfeGa.N?¥.JBIb7fc&ii. 
[ 0 0 8 6 ] 

S fe , « * * ^ 1 0©f!*Stt. In<<>g*lt3Ht?t±ZCVlCJ; , ). 4 2 0 n m # H 
4? 0nm<!)«lC3»li7tfitt'-7^!t J:vtf?n. *fe. fgftiSEi*, ± 

eeHciR3eT*i7t©7tt*<. 36o~55onmcfe*iS«tfiU7iin®t« 50 
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C 0 0 8 7 ] 

( □ - r < y 7 8n *J ) 

□ - r < > 7 85ttl Z (*a*fttt*f) IX . 'J - P 7 1/ - in 1 3<9^y7-P3ICliit^^3 
^©•^i^'J^^tlR^ 1 0®**t***ZS3fe*1 1 V»ftU7fflll>J<lI. □ - r < > 
7 » tM Z^IItffltJflHTtt, X * * 7 «J B . 1 'J 7 81 B , 5/y3->ttB«V©3I 

2. * fe . $ * ft 1 1 V # IC £ (8 &J . 7 9 yWLAV 1 L> Bt it f 9 > . BUt 7i5:H 

«v ts*? ttT * Au. *S5£fc*i*«£»Jta*?tt7fcAii. 

C 0 0 8 8 ] 

( 'J - h" 7 U - A ) 

3 IX . Y^h'J-F 1 3ot^>f>^-y-h , 1 3 

o 

[ 0 0 8 ?] 

7 *5 > I- U - h" 1 3 ol IX . * * * * 1 0tKI?tU<5?»»7. ? ■> > b V - P 1 8 a, 
©±8513:. Jv7l«:CS773» l J, JyT'ncfS***! Ot^UJ'Fl, K5S** 

* 1 0«)^SIt, 3y7-WtJiuI5$*ft1 1 *ffii!Bl]-T.f>78P*}l 2ni->7ti 
3 . Jv^AC****! OtttRHtY^MJ-FI 3 a. t % * * * 1 O^ftli 
tin7?JStKH?n. t*«SSfi«ftVl?tt7UH^S 
attflf*<ft«>tl3. % * * 3- 1 0 H ■) > h !/ - F 1 8a<5*y?)!<5) r 'f«>F (SI 
) IX . St«4ttt81BSyi;:<fco7ft"?C>:#7? : 3. JHHHtttWB*U7IX. X * * y * 
B . 7 9 y . ^h'fflffiSV^f ifU3. * * . 7i-ZJ")>**l^1 OS 

vcrjy^n'j-n 3 a. v * a? > k* * z * A c »ft tt* at t fi ? c a . a * -x 
-xv. $ -my ^-t. b < 4iA>?«ytiu7ciitf?f 3. Sft«;w>r 

[ 0 0 9 0 1 

>f > ^ — y — H 1 3 i> IX . 7 7 7 h 'J - h" 1 3oL±ICKi7ft;feSS**3-1 0 9 W ft 3 ft 
^^1116701 4 V 0 * » ft «« t H Z fc © ? ft 3 . > ^ - y - K 1 3fctt, 
? 7 7 K y - K 1 3a.*<5*SlttttItCJ:3 5/3-l*t«itZfett. 7 7 > h 'J - F 1 3 
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a-z S i 6 N 8 : E u b T 1 0 0 P P m3?» 5 0 0 P P mci!? J: ? WlUilJlbfe 

a 

[01 031 

4=. Hbfc^fcfBflSlCttAU. *A»»i»5"»IBiMf7*MC»51U-?. tl 3 5 0 C? 
5 b# |g] . *fl?t fill . *J>^<'J>:5^^»itTfM*-fn5SPb*.. ft^lCJ: 'J A 5 7 5c * 

»»» u t t * i) . «AajK»fc*«2***a*r4iTi)*ii»fte»)i. «5U 

*#§lU7in»S-?t. S«J»l0lJ:y6**l)0. 1 PPm~»§PPmifi#» 

S b 7 U Z . 40 
C01 04] 

%l&m\ 7128 0O*<bW9*#fl>»R&Z'l*ffl*tt. CM 5 0 0 P Pm^JObfeV 

Hi ooxn. :ntl?ciiJiti7«t. 

[01051 

XAffll7)3109Li. Not. K. Rfc. CS#H^I9llKlx:*«:. S. }§ I £ Si f 

tMtJCVCJ'J. iStiStZCV»?n. 
[01 06] 

X ft 0J 1 17521 6, 5 7 £ C 5 8 . UfliSLICffl^tSSSl I tc i?> «; > M? , 8 

r . Ba. Zn»1 OOPPm, 5 0 0 P PmS*?ll7ll?. Sit»«*#©L©it 50 
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C0107] 

S»fl!l771I22<5TL, Z f . Hf#^£Z35IV£xX, XIS#J5 175I5 6<?>C 
u . A > . AU»«J«7»IK»*. XSSflJ5 97}166<{>B. Al . G ol , I n # •$ « 
3*1 I I » % X . Xl£flJ 6 975I7 2<?>Bn. Pfc»mS3*IV«*X. X & 0J 7 3 
7} I 7 8 <9 P . S f> > BiJmttZav«E*.X*fl79&&f8O08»«J«3»VI 
SxXtt . &JPK? # t I . 
[0108] 

XS&#J 2 37}12 8<i>V. N fc . Ta.#HSS5&V&7cX, XJ&flJ 2 975134<i>Cr. 

Mo, w*m2258vii£7cx, xifeflJ3 5£c3 6<9Re#>4£3!Bvi i & x * . x 

«fll3 7 75 55 0©Fe. Co, I/", Ni. Pi. Pt, Rutf»>«fZ»VI I IStc 
Xtt. * fi<i)aSetff ?U I . 

[0109] 

6 o c f t j; ? c , ^^fKttJfK&cifi^ja^tmir^ojtf^^icvj:';. *t ffi « 
3 # ft & . ty7T , >;cif»tt*»*#c»Au-?<3c*;**fc 1 i*i3. c s> j§ a . x & 

C*» t 2 C V ttft £ U < ft I) . XJfcfll175280#>;, *P»*<?>a3:tl35cXC 

*?*ft»»*#^©«*t. ft z a ft . ?nt3c^?n. 

[01 10] 

XB6flJ175I80#i4, 3 jt*»SgP PlflIfiS$ft7Ul»&?Jio7t, 
jig . %%®%Q%<i®Z'&T S J -0 Y Q < . 45 0nm~47 0nmS>E&&*$£lC£ 

[0111] 

#Mxttric. But *!netsu7nT#tstto?JiV, as»tt*Biii€®av 

£X-?ft3C*tatU7llZ.X«0!ll75I8OIX. 3 5 G <9 * ? . 97~100%"?ft 
3 . 1 0 0ti9H, 95~100%-*ft3. 2 0 0 te)H, 5 8~80%"?ft3.C 

Qcvtm. as^ea, ffi^Tt»-?ft3. 

[0112] 

» c . BtRi-~REPP»n*;lDUfc*? ! . C^t 5 0 0 P Pfn^JDbfeVf <tn. » 
S# 2 3 4. 6 % > i 2 4 4 . 6 % ( B t 1 0 0 P P m % AO ) . M 8 » 2 3 7 . 

9%. 2 4 8. 1% (Bt 5 0 0 P P milO) * . ^fta^^ftltflgl^tl*. 

. x*fflcSE«UTi)aii#. ca.©tt*>vc. Bex. sr, ca-sritinfeftd 

? t . H ft © 59) jR # » 14 tl 3 . 
[0113] 

X ffi 0! 1 7318 0<9S It 4 6 0nm<l>»J£**CJ;';«>JB?ttfc** 6 0 9 

nmlificc-?iS«t*t2. 
[01 14] 

X^ffJ 3 <9»*tt 1 4msec, XIS0J 9 <9»3fcl* 1 8 m S e c , XlfeflJ 1 1 <9?*ftl* 2 
2msec, X IS flJ 1 5 <<> 5* ft 1*1 8msec, X IS ffll 1 7 <9 # ft (3: 1 4msec, 
m 2 7 QWttt 1 8msec, XISfl l J2 9<i>$ftl*1 0msec. XBS#J3 9<?>#fttt1 
6msec. X»flS43©»*ttl 2msec. XISffJ59©^3tt3:20msec, XJfe 
fl6 1 9S*»2 2mseo«y?Jnfe. C <9 5 C , No., Ti. M * , Al, B, 
Cf, N i »tt»*t» < f I ^ U7»»t X t ? . 
[0115] 
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XttflM 7118 0<9Sft»S**<9*»ll)St»*iUfeV:i. * ID ■ # 5 0 0 P Pm© 
Li, Nol, K. . R fc . CS, M f > W. C u . A * . A u . Zn, Got. In. Ge . 
8 n . P fc . P . St. B L ^ I* . I 00PPffiJHTUlU#»#U7ll«#-5t. to 
to Q & XI 7C * t . S«*JDl* , ;e / >«lliU#«#l/Tl)«»-3*..«i^Br. 500 
PPm^flJU^Bl*. 4 0 0 P Pmt#i*U7US»oi. C ft tt . *SEI«ca»l»7 

[01 161 
<fS*^l 1 > 

5§ft£Ell*. **sK*t WiDU^6e**RScH t I . BIS, * ft W C ft 3 * *H 
I 1 t * T E 7 J) 7 . B6K. *5B(HC«3fg*Rl1<?>eSSat»tH?>)I. 10 
[0117] 

* * « I 1 IS . t7 W7tt1 ±cnSJR&'P3!0GGLNl<?>¥*ftS2tf»SS7ft. 
«nHAZ*PH<P¥»#Jl2CM3tfMkit'Jll. K *tt 8 I* . « 1ft 7 4 f 1 4 C «fe 'J 
D - K 7U-L 1 3*$«£&7ft7l)Z. fgft** 1 0 Q±§JtS. 1 1 £ & □ - 
f <)7ltt1 2 7 « ft . !)-F7l/-i»1 3 - $ * # 1 1£»I]-t*>7»»1 2 

• Q»l5t5-*F»Sl l> 3. ¥ $ # E 2 I* . *7747**1±ICn + G 
otN: 8 1. n - A I G a. N : 8 i . n - GaN. Ga.InN QWS, P-GolN-M 
f , P-AIGolN^M?. P-G0LN:M9-<9lBlcaSril7l)3.ISn + Gcx.N:S 
ig0-fflttXyf>7 7ft7nSEffi#ff$EE7ft7l)Z. SSP-GolN = Mf I ± C tt 

. P 1! Ittflf »SK 7 7 II 1 . y-F7l/-Akl8tt. 'Jit 111? . 7 7 7 h 'J - 20 
h" 1 3 01 <i> ± ff IC IS . **** 1 0tS«!t3fe^<9*y7-»f!5it^tl7cFif , K «v? 
<9l5l? + *8P<i)SlIIC^5g*IS^1 0»? 4X> P ttlUM . *«*7 4 -M 4 CIS . 
ttfflU. Iffi 3 V 7 4 t 1 4 t V Vttftt 3 fci&O > 7- 4 CIS « Ni^vtt 

mt. 1 ICR, StttflK9<5a*#*YAG*»*#*tiBar3, □ - t < > 

7ff»i 2cis. x*t yam H>iK'jn. SHt ? 9 >&z*«es*# 

1 1-£ffi£0SJft7ii£l££<9tJ8l)Z. t-JK-'iai 5 IS . lltVdllfitSn? 
.CS>«S®S!<9?Stt!St1l*, f-;UK8P*M5<3>¥S2~4mm. iS7K)7~l0mm 

[0118] 

**Riiciatit)!. au46onm?BiBrj*i©**x^9hJut*t?» 30 

6fg*5S^1 0 #fS*L . C9S$10fg*7^7MU7. ¥«ftl2taTl*#1 1» 
ft H * * t 45 I) . BlE«1<9**X^9HA>£Jltt?»2®**Z^9h^t*r?. * 

1 + c«*rtiTu ^ YAG$s*fftt, s 1 7 h ;nc j; «; - 55 

';#^t*c/fefiefe*nii tig&tic*^?? 1 *. 

[0117] 

*fSaflic«i5S#.Hti<?>«3t#l 1tt. 1 5 . :-f <>7»»1 2 

V. t! l >l7A7^)S7tlfe^yh i ;7i,-3rK , ;z7^-7^5Z7ABHtfllSl«*ft (Y 
-Gd-A I - O : Ce) V?iE&U*.$*#*ffll)3. SJSGI 1 5 IS . Bt^JDbfeC 
ol 2 8 i 5 N 7 : Eu<?>g<t3&$ft.#7$>3. -75. £«*«35!ft!StlS. £ JS ffl 1 5 40 
9St##tS2iU7fti4f. t2'J7A7&;S7ftfe>fy K U 7 • ST K V Z 1 L • 7 
;^/»S!ft»f *l*<5fr?)$3tfttfflll J. **GC*?**lli 1 JiZs it® Y S 1 
Rllt, ( Y o . s GcLj . 2 ) 3 A I 5 O, j ^ Ce9S*fftSfflt J. ^8^53 
56 ft 3S I IS. « £ ?S ft £ * * (Y-Gcfc-Al-0:Ce)<9$ft#>:o>ffifttt7f€ftt 
-> 7 II 1 . O L^m%? v h [ ) ^ L ■ V P V L ■ 7 h^i L&\tVB<$. 

ft # <i> ft ft ') IC . •C','7^7-&US7*l*.'fy h ';7/* ■ J'JH • 7^z7/*«fctt3l 
ft# Y 3 ( A I o . sGolo. 2)50,2 :CetfifflT3:)(#fiH;l). 
[01 20] 

563t»I1©9*#11©IiJttt. t 4 > 7® til : (Y-GoL-Al-O^Ce) 
®S*ft:SI»flM50S*#=1O:3. 8:0. 673>>3.-7j.f£ftfSt2<i>$ft 50 
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#<5tlJttt, 3-t < >7Btt ■■ (Y-Gi-AI - 0 : Ce) 1 0 : 3. 

6 ©IlJtfffld 17 1) J. 
[01211 

*$BBic«3fgft!St1 feaJta^&CY-GflL-AI -0 : CeQSffcffVtffl 

. £27-1*. Y-G<£-Al-0:Ce<9®3lfc#t> YAGVB&Ifi'tZ. 
[01 221 
C* 2 ] 





«5E 

IF(mA) 


*E 

VF (V) 


Radiometric (mW) 


Photometric (lm) 


Peek (nm) 


FWHM (nm) 


Dominant (nm) 


WfeLED 


20 


4.05 


14.78 


0.955 


464,02 


19.35 


468.05 


WfeLED+YAG 


20 


3.75 


9.59 


3.042 


463.47 


150.73 


568.85 


fffel_ED+YAG + 


20 


3.80 


5.84 


1.890 


596.00 


196.36 


582.75 







y 


Tcp (K) 


Ra 


(Im/W) 




0.134 


0.057 






11.8 


#feLED+YAG 


0.348 


0.367 


4939 


78 


40.6 


W£LED+YAG+ 


0.454 


0.416 . . 


2 828 


76 


24.9 



[0123] 

I. St® Y « 3 fg*fSS7-l* . »S*fiftl»R9»^Sb7llfe#. 

R 9 ©K«#ftfrft7 I) Z . itf5*)HeiTfli^R 7 tt . Jttt ffi » K ® B ll ft ft 0 ft & * 

©er*it»*ufc*?*>3. «!<i)i»5*)SefFifi^R8. ri o»e* 1 00% 

IC3Sl)ffllC««r ft7U 3 . 7>7-»*tt. illRitJHl/711?. 
[0124] 

□ - t < >78n«i n«ci!6r?«*fti 1 » . y - g d - a i - 0 : c e <?> $ * # 
< , st a # /Jv 711 1 © 15 v . - » c » . *<a»tz. <?> *. w > y-ga-ai-o: 

«1 2*$ft#1 1 nfflU7U7t. JR*Rlfl>eMCfit"J ' - ^ • ** 

cpfcd^ . Ht»f *ft9aitBtS<i)X? 7- IC&'JSP U . Y-G4-AI - 0 : C e <Z>$* 

affH*c3a:iit?cvcj:o7. etf«jtsb« u sticks 

[01 25] 

<fgftfSI2> 

0713;. **IHC** BftRiE 2 twtH?»>3. 96*R12tt. * 1 * R 9 < 7- <0 % % 

. i**Rizct«tz**t'*i oil*. ie*ia>j£<s>f§3t* ; 3-tffiBt 

3 * . 38O~4OOnm0£?h*i»iS<?>$ft**t&E?ZC*#'??. fS*** 1 0 

1 I* , z ft ICRRS 7 ft ft l) . 

[0126] 

*«* 1 0 1 tHli* . 1 0 1 C*. PI¥9ffSVnS*«ltS^M7 

ft 7 ft') (0*0*11) . aPSl9fti^nM«*iCtt, 'J - K «ffi 1 0 2 \1 « 
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7 ft 3 * 1 7 4 V 1 04*»*rtl7lll. U - K *tt 1 OZ<Z>ftHta7*?C«*l 
» jt» 1 03»lffi?tl, fflttt»jtU7llI. fc*** 1 0 1 <9 ±£ ICtt . A v 7 - V 
1 05?liCliiyvF1 0 8#HJf&Z»*tt<l>**1 0 7 * tt «t "J tl 7 I) tt » 

# tt 9 * »1 0 7 W 1 IU I* . *f!BBlC'S3®3tftl 0 8 SKD-f < > 7IS 1 07© 
ffi-»ft»«naff*IBca*r«.7llI. $ ft IS S 1 7*13: > *»fll1©»**t«BrZ 
. A y * - s / 1 0 5tt, ft»#Vtlfe-fflflf8miin~1 2lYllT»<&jE£J&?fcZ. 

[01 27] 

n * V. **** 1 01»«Jl«»lll7tlfc**Z'S?KA'*a r . *£Ba<9$3ttt 1 0 
[01 281 

)U<i) < t;?i:L7r^r(ifefg*gititi7&eLED7>?tfmtn. # a * y 

[01 2 9 ] 
<fg*^i 3 > 

B8B, **eflC*Z + *v7**'f7 , <?>fS*ilt3tJtn*H?»H. 
[01 30] 

56*R1 1 C33nt 3 ff tt * H Stt C tt H - <S> t W U 7, © St AS t * ffi 7 J . 20 
[0131] 

«*Ri 3 tt . **tSt10t-JI'KS*M 5 ©*■ C . (El /Tv US D) t #15 7 

tt£3tiS;©'l£8ili# l > ; S2**y7-1 6 t ffi tt 1 C * V »*7tl J . *f v?1 6 tt 
, S*#t*»»tt»BC»-Cfrtt7tt7l) I . C <D®%& t * 3 *^Stt«SSS t 
. Qt-iK-'Slttl 5 0 fi* IC Gt?»ttEJ*»l.Tl)*. jf tt . W * <5 

Jj)i£!r3&i&}5)£fc°Ifls7*&3. tf y?1 6©*SJieiaBS<i)Aftttltt^'i;U7tt> X 

-jmiiuifftftiittstKVtfTn. * *. , * y x f u > , *y?oei/ so 

left, «7;oMba^$u*>*®tt^ffltt=f^s**«*"Z2*tf'** ! 3. * £ , 
»*#v»c«ttM» H>KAyH, & ft f ? > . «ft7;^:7/»«yts*Ti+ 

Titll. *5*5£ft»J*«fi»Jta*7ti7fclll). ttv?1 6IC«ffl7*l33l 

* # tt . X ft 011 5 t # ffl 7 3 . 7 1 y \- 'J - K 1 8oi9Jy?«CflllU?«**1 
113:, HJSffll 5tllll. U » U . tf»71 6CS**tlllU«). 7 7 > h 'J - 
h* 1 3ol<!)J v?P)tt. □ - r < > 7 » *J 1 2 <0 h- ? * II . 

[0132] 

C«9J:7C««71lfc36JfelHlR. ****10»«J»M7tLte*O-»tt. tt »71 
StlltllC, S«fl!43©9r*#CJ:y«**«^ft?. #»3fc*£»7tlfc* 40 
V. »**CJ:y ****7ft*»ofe*e*fl>**fr«ft7ft. 8Sn7 - *rv7- 

1 6 $ in # t* . &e^©3t^^ffl5'vJSvai74iz. 

[01 33] 
[9gW®J8)S] 

w ± © c * » . fefgft*}$*ffi*fcfrtt7«ffl73M#^jftm«ic5gft 

^n^ttt?Ht»S*lttJ!«tK)i*?f 2. £ft523$*#tffll)7. «* 
[01 34] 

*f68fltt. 3t*#<i>J®g?1&T7 1t 3 X*. £C $*#<i>$g t A ± 7 tt 2 7C * 

CtlCJ:y. tiM. &Jff*P<9ttH<i>£JtfttE3:?'>!#??-. 50 
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C01 351 
[01 36] 

[ El 1 <9 M * * Ml m ] 

[0 1 ] **$c*7**Rt 1 t»ra?*z. 

[BE] **«Cl?Ht»i*#«B»illit*tB?»?. 

[033 6 0QS<t«!l«f6fttEX = 46 Onm?»fiUfe**0****<? h * 

t a* r a ? to z . 

[04] H Jfc #J 6 0 Q'Slt&Qm&T.'*.'? h*t»lB?»lJ. 
[05] IS & #J 6 0<5l*ft9S»^7 h*t*tB?*?. 

[06] *«i«c*2**»ii©eR**tatria?ft?. 

[07] **flC*3**RI2t»*H?»)Z. 
[BI8]*flWC«? + 'rv7 k *^7 b <!)fl*Ri:8t»tB?ft?. 

P 1 «»©Ca.t»»t ? . 

P 2 /S^OCatgagBSf-frgftrZ. 

P3 Ca.«5S^»t»»t7. 

P 4 «*0 8 ittftt?. 

P5 ffift(98itS*BHat?S<bt?. 

P6 B i««ftlt»Bt3. 

P7 Eu(5lt&«!Eu 2 0 3 C , B<5lte«lHj BOj tISIfitJ. 
P8 Eu<<)ftft«5Eu E 0 3 * > B © ft £ * H , BOj * ® » G » t , & ft £ H S + 
t J . 

P? E u V B ©SeiS t»»t? . 

P 1 0 C a. <i> § ft 8 i <5Ht». EuVB*<?>iIfc«5tig£t2. 

P 1 1 C a. © S ft » . S i Eu^BV^il^^^tZ^BSf-?. 

P 1 2 B»>*ai**lfcCa. 2 S i 5 N 8 : Eu-?&?ft3£*#. 

1 S« 

2 

3 Iffi 

4 A y 7- 
1 0 

1 1 

12 3 - r < y 7 Wti 

13 y - K 7 U - A 

13a t i y h y - h" 
1 3 fc * > ? - y - k 

1 4 »«tt7 4" * 

15 € - ^ K B 

1 0 1 5Stt*3- 

102 y - K % ffi 

1 o 3 *g*aa±tt 

10 4 «itt7U 

1 0 5 A v 7 - V 

10 6 y y K 

1 0 7 &8P 
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